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1. Introduction 

Previous work using MEG has provided evidence 
for a temporal dependence of the auditory evoked 
M100 component, with higher M100 peak 
amplitudes reported as stimuli increase in duration, 
to a point of saturation at ~30 ms [1,2]. This finding 
provides evidence that the presence (or absence) of 
a stimulus is encoded in the processes leading to the 
formation of the M100 peak. The saturation of this 
effect with stimuli of 30 ms duration implies that 
these stimulus detection processes occur within a 
finite -- and short (~0-30 ms)  -- temporal window. 
The M100 component is also modulated by the 
intensity of a stimulus, with higher peak amplitudes 
reported as a function of increasing stimulus 
intensity [3-5]. The higher amplitudes reported in 
response to louder sounds suggest that the energy 
present in a stimulus is encoded in the processes 
leading to the M100 peak.  
These findings combine to indicate that the M100 
component exhibits both a temporal and an 
intensity dependence, with M100 amplitude 
reflecting stimulus properties, duration and 
intensity. Of interest to us in the present experiment 
is the relative contribution of stimulus intensity and 
duration in the processes pertinent to the formation 
of the M100 peak. Specifically, we investigate if 
stimulus intensity and duration contribute 
differentially or in combination to the encoding 
processes underlying the formation of the M100 
peak. 
To address this question, we investigate modulation 
of the amplitude of the auditory M100 peak in two 
experimental conditions: in Experiment 1, we 
present 1 kHz sinusoidal tones matched for 
stimulus intensity and vary stimulus duration in 5 
steps from 10ms to 250 ms. In Experiment 2, we 
present 1 kHz sinusoidal tones that are matched for 
overall energy according to the requirement that an 
energy constant (C) is equal to the product of the 
square of the stimulus amplitude (A) and the 
stimulus duration (t), such that C = A2 t. In this 
way, as stimulus duration (t) increases in 5 steps 
from 10 ms to 250 ms, stimulus intensity decreases 
commensurately by square of the amplitude (A). In 

both experiments, we measure auditory evoked 
component 'M100' peak amplitude in response to 
tones that are matched for intensity (Experiment 1) 
or for energy (Experiment 2). 
If the overall energy in a stimulus is the best 
predictor of M100 peak amplitude, then we may 
expect to see little variation in M100 amplitudes in 
response to tone stimuli that are matched for energy 
(Experiment 2).  If, on the other hand, stimulus 
properties intensity and duration contribute 
differentially to the accumulation processes 
underlying the formation of the M100 peak, then 
we may expect to see modulation of M100 
amplitude that is dominated either by stimulus 
intensity – with higher amplitudes for the 
relatively-louder tones of short duration – or by 
stimulus duration – with higher amplitudes in 
response to the longer, relatively-quieter tones. 

2. Methods 
Experiment 1: Stimuli consisted of 1 kHz 
sinusoidal tones that were matched for intensity but 
varied in duration in the following steps: 10, 20, 40, 
80, and 250 ms (see Figure 1a). Stimuli were 
presented monaurally and magnetoence-
phalographic recordings were collected from the 
hemisphere contralateral to the ear of presentation. 
All stimuli were presented using Etymotic™ ER-
3A earphones and air tubes (Etymotic, Oak Brook, 
IL). Detection thresholds were determined for each 
subject, for each ear, using the tone of 10 ms 
duration as the reference. All subsequent 
presentation of tones was conducted at 40 dB above 
that threshold. Presentation of the tones was 
blocked by stimulus condition. Tones in each block 
were presented with an inter-trial interval that 
ranged from 900-1100 ms in a passive listening 
design. Each stimulus condition block consisted of 
200 recorded epochs, for a total of 5 blocks per 
hemisphere.  Stimulus presentation block order was 
counterbalanced across subjects. This procedure 
was repeated for each hemisphere.  
Neuromagnetic fields were recorded using a 37-
channel biomagnetometer system (Magnes II, BTi, 
San Diego, CA.) in a magnetically-shielded room. 



The sensor-array was placed over the temporal lobe 
and evoked responses to a 1000 Hz pure tone were 
evaluated to determine if the sensor array was 
positioned to effectively record the auditory evoked 
M100 field. Epochs of 1s duration (100 ms pre-
stimulus onset and 500 ms post-stimulus onset) 
were acquired around each stimulus at a sampling 
rate of 2083 Hz with a bandwidth of 800 Hz and a 
1.0 Hz high-pass filter. 
Averaged waveforms for each stimulus condition 
were digitally filtered using a low cut-off frequency 
of 1 Hz and a high cut-off frequency of 40 Hz.  The 
root mean square (RMS) of the field strength across 
all channels was calculated for each sampled point. 
The M100 peak was determined as the maximum   
RMS value across all channels in the interval 80-
130 ms subject to a single-dipole fit exceeding 0.97 
correlation.  
Experiment 2: In Experiment 2, we presented tones 
that varied both in duration and intensity according 
to the formula (A2 * t). In this way, we held the 
integrated physical energy constant in the stimuli so 
that as stimulus duration increased, stimulus 
intensity decreased.  Tones were generated using 
Labview software with the same duration 
parameters as those presented in Experiment 1.  
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Figure 1: a) Sinusoidal 1 kHz tone stimuli 
presented in Experiment 1. All stimuli were 
generated at nominal 70 dB and varied in duration 
as follows: 10, 20, 40, 80, and 250 ms; b) 
Sinusoidal 1 kHz tone stimuli presented in 
Experiment 2. Stimuli were generated according to 
the requirement of constant energy for durations of 
10-250ms.  

In Experiment 2, however, stimulus energy was 
held constant so that stimulus intensity varied with 
duration in the following steps: 10 ms, 70 dB SPL; 
20 ms, 67 dB SPL; 40 ms, 64 dB SPL; 80ms, 61 dB 
SPL; and 250 ms, 58 dB SPL (see Figure 1b). All 
stimulus presentation, procedures, and magneto-
encephalographic recording parameters were 
identical to those in Experiment 1. 

3 Results 
 

0

40

80

120

160

200

0 50 100 150 200 250 300  

0

40

80

120

160

200

0 50 100 150 200 250 300
 

Figure 2: Mean M100 amplitude (error bars reflect 
SD across subjects) for the right hemisphere for 
each of the 5 tone stimuli in (upper panel) 
Experiment 1 (the constant intensity condition), and 
(lower panel) Experiment 2 (the constant energy 
condition). The horizontal axis plots stimulus 
duration (in ms). The vertical axis plots M100 
amplitude (in fT). 

Experiment 1: M100 amplitude was modulated as a 
function of stimulus duration (F1,4 = 5.57, p 
<.009), with higher evoked response amplitudes for 
stimuli of longer duration to a point of saturation 
with the stimulus of 40 ms duration (see Figure 2a). 
This effect was characterized by a steep rise in 
M100 amplitude in response to the tones of 10, 20, 
and 40 ms duration, reaching a plateau for the 
stimuli of longer duration. There was no effect of 
hemisphere on M100 amplitude. There was no 
effect of stimulus duration on M100 latency. 
Experiment 2: A main effect of stimulus type was 
found in Experiment 2 for tones that were held at 
constant energy but varied in stimulus amplitude. 
M100 amplitude was modulated as a function of 
stimulus type (F1,4 = 10.83, p <.001), with higher 
evoked response amplitudes for stimuli of longer 
duration – despite the fact that they were relatively-



quieter – to a point of saturation with the stimulus 
of 40 ms duration (see Figure 2b). As in 
Experiment 1, this effect was characterized by a 
steep rise in M100 amplitude in response to the 
tones of 10, 20, and 40 ms duration, reaching a 
plateau for the stimuli of longer duration. It is 
important to note that M100 amplitude was 
significantly lower for the louder, shorter 10 ms 
tone (see Figure 3a) as compared to the longer, 
quieter 40 ms tone (see Figure 3b). There was no 
effect of hemisphere in M100 amplitude. There was 
again no effect of stimulus type in M100 latency.  
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Figure 3: Auditory evoked responses from a 
representative subject in Experiment 2, recorded 
from the left hemisphere, in response to tones that 
are matched for physical energy: a) 1 kHz tone of 
10 ms duration, 40 dB SL; b) 1 kHz tone of 40 ms 
duration, -6 dB. 

4 Discussion 

In Experiment 1, we present evidence that M100 
amplitude reflects stimulus duration, with higher 
evoked response amplitudes in response to tones of 
longer duration, consistent with previous findings 
[1,2]. Previous work with MEG has provided 
evidence for a finite temporal window of 
integration in the auditory evoked M100, estimated 
at ~25-32 ms [6,7]. In Experiment 1, M100 
modulation by tones of varying duration reached a 
saturation point with the 40 ms stimulus, a finding 
that is in good accord with previous work and 
consistent with the hypothesis that there is an 
accumulation of stimulus information in the 
formation of the M100 component within a small 
and finite temporal window (~0-40ms).  
In Experiment 2, we report M100 amplitude 
modulation by tones that were matched for overall 
physical energy, with higher evoked response 
amplitudes for stimuli of longer duration in spite of 
the fact that they decreased rather sharply in 
intensity.  As in Experiment 1, this effect reached 
plateau with the stimulus of 40 ms duration. Of 
particular note is the finding that M100 amplitude 
was modulated predominately as a function of the 
duration of the tones, with little or no further 

contribution by the intensity of the sound. In fact, 
the pattern of response for stimuli of constant 
energy (Experiment 2) is quite similar to the 
findings we reported for stimuli of constant 
intensity (Experiment 1).  We interpret this result to 
indicate that stimulus duration or on-time is 
encoded in the accumulation processes leading to 
the formation of the M100 peak, with little 
modulation by stimulus intensity, at least within the 
range tested here (0 to –12 dB).  
The results from Experiment 1 and 2 combine to 
indicate that the accumulation processes underlying 
the M100 have a 'stimulus presence detection' 
mechanism that appears to encode the presence of 
the input signal, with evoked response amplitude 
magnitude increasing with sound on-time or 
presence and unaffected by sound intensity. In 
conclusion, our findings provide evidence that it is 
the presence of the sound -- and not its loudness -- 
that is dominating the encoding processes that 
ultimately form the M100 component. 
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